The energy loss effects of the incident quark, gluon and the color octet cc on J/ψ suppression in p-A collisions are studied by means of the experimental data at E866, RHIC and LHC energy. By the Salgado-Wiedemann (SW) quenching weights and the recent EPPS16 nuclear parton distribution functions together with nCTEQ15, we extract the transport coefficient for the gluon energy loss from the E866 experimental data in the middle x F region (0.20 < x F < 0.65). It is found that the difference between the values of the transport coefficient for light quark, gluon and heavy quark in the cold nuclear matter is very small. The theoretical results modified by the parton energy loss effects are consistent with the experimental data for E866 and RHIC energy, and the gluon energy loss plays a remarkable role on J/ψ suppression in a broad variable range. Since the corrections of the nuclear parton distribution functions in the J/ψ channel are significant at LHC energy, the nuclear modification due to the parton energy loss is minimal. It is worth noting that we use CEM at leading order to compute the p-p baseline, and the conclusion in this paper is CEM model dependent.
Introduction
In the past thirty years, the study of the origin of J/ψ suppression in p-A collisions has been important for the understanding of the Quark-Gluon Plasma (QGP, the state of matter where quarks and gluons are deconfined). Due to the Debye color screening of the charm-quark potential, the high quark density in the QGP formation would suppress the yield of J/ψ mesons in high-energy heavy-ion collisions relative to that in p-p collisions [1] .
The generic features of hard QCD processes in the nuclear environment can be quantified from the experimental data of J/ψ production in p-A collisions, which can help to perform the reliable baseline predictions about the properties of the QGP formed in heavy-ion collisions.
In J/ψ production from p-A collisions, the charmonium production can be modified by cold nuclear matter effects, such as the parton energy loss [2] , the nuclear absorption and the modification of the parton distribution functions due to the nuclear environment [3] . It is necessary to constrain the so-called cold nuclear matter effects on quarkonium production, in order to interpret these results unambiguously in heavy-ion collisions. The wealth of the data available in p-A collisions from a wide collision energy range ( e.g., NA3 [4] , E772 [5] , E866 [6, 7] , NA50 [8] , HEAR-B [9] , LHC [10, 11] and RHIC [12] ) provides the good probes of the origin of J/ψ suppression. However, the conventional nuclear suppression mechanism of J/ψ suppression is still an open question, due to the presence of various competing effects, depending on the precise kinematics and collision energy. Up to date, some of the phenomenological approaches are proposed on the basis of hadron nuclear absorption or the shadowing of the gluon distribution for the target nucleus expected in the small x 2 range (x 2 < 10 −2 ), and another fundamental phenomenological model assumes that the parton energy loss induced by parton multiple scattering in the nuclear environment plays a decisive role in J/ψ suppression [13] .
Since the intensity of each cold nuclear matter effect is usually unknown a priori, it is a sound strategy to investigate each of these effects separately by comparing all available data systematically and quantitatively, while maintaining the minimum number of the assumptions and free parameters. We find it is appealing that the modification of the parton distribution functions and parton energy loss effect can describe the J/ψ suppression measured in p-A collisions when a high-energy J/ψ is formed long after the nucleus.
Consequently, following our previous work about the parton energy loss effect in cold nuclear matter [14] [15] [16] , in this paper, we present the phenomenological approach with assuming that the J/ψ suppression observed is mainly induced by the nuclear PDF effects and the energy loss effects of the incoming quark, gluon and the color octet cc. By the Salgado-Wiedemann (SW) quenching weights [17] , we will investigate the incident quark energy loss, the incident gluon energy loss and the color octet cc energy loss separately by comparing the E866 [6, 7] , LHC [10, 11] and RHIC [12] experimental data. Since the strength of each parton energy loss depends on a single free parameter named the transport coefficient which characterizes the medium-induced transverse momentum squared transferred to the projectile per unit path length, this research would help to understand the microscopic dynamics of medium-induced parton energy loss corresponding to the color charge of the parton.
The arrangement of this article is as follows. The theoretical framework of our study is introduced in Section II, and the results for the nuclear modification of J/ψ production on the basis of the nuclear PDF effects and parton energy loss effect are given in Sections III. We then summarize our main conclusions.
2 J/ψ production modified due to energy loss effect
In J/ψ production from p-A collisions, a hard parton traveling through the nuclear target undergoes the multiple soft collisions which induce gluon emission. Medium-induced gluon radiation modifies the correspondence between the initial parton and the final hadron momenta. With assuming that these radiated gluons take away an energy ε from the leading particle, this modification is determined by the probability distribution D(ε) in the energy loss. If gluons are emitted independently, D(ε) is the normalized sum of the emission probabilities for an arbitrary number of n gluons which carry away the total energy ε [17] :
Here, dI(ω)/dω is the medium-induced gluon spectrum. According to Ref. [18] , the probability distribution D(ε) has a discrete and a continuous part:
Its normalization is unity. In this paper, the probability distribution D(ε) used are calculated in the multiple soft and single hard scattering approximations, and the results named as SW quenching weights are available as a FORTRAN routine [19] . The SW quenching weight is a scaling function of the variable ε/E and ε/ω c , with E representing the parton energy after radiating the energy ε and ω c = 1 2q
Here,q denotes the transport coefficient and L is the path length covered by the parton in the nuclear medium.
Generally, the cross section in the medium can be modified as:
Then, the charmonium production cross section dσ p−A /dx F can be expressed as:
where the upper limit on the energy loss is ε max = min(E p − E, E) with E p denoting the beam energy in the rest frame of the target nucleus.
This medium-induced energy loss leads to the rescaling of the parton momentum fraction. In view of the energy loss effect of the color octet cc pair, the observed J/ψ at a given x F actually comes from a cc pair originally produced at the higher value x
The energy loss of the incoming gluon (quark) also results in a change in its momentum fraction prior to the collision: ∆x 1g = ε g /E p (∆x 1q = ε q /E p ). In order to incorporate the features of the process for J/ψ production, there are two acceptable formalisms have been presented, the non-relativistic QCD (NRQCD) [20] and the color evaporation model (CEM) [21] , which have been successful in charmonium phenomenology.
In this work, we choose the CEM, as the CEM has fewer free parameters [22] [23] [24] [25] [26] . According to the CEM [21] and considering the above rescalings, the cross section dσ p−p /dx F ( a convolution of thecross section (σ) and gg cross section (σ gg ) with the parton distribution functions f i in the incident proton and f A i in the target proton) can be expressed as:
x 1 x 2 s in the rest frame of the target nuclei, and ρ J/ψ denoting the fraction of the cc pair evolving into the J/ψ state. It is mentioned that the following calculation is based on leading order in CEM, especially on the solutions of momentum fractions.
Analogously, due to the energy loss effects, the charmonium production cross section as a function of the rapidity y (with x 1(2) = m √ s e ±y and E = E p e y m/ √ s ) can be modified as:
Here,
) .
Results and discussion
The amount of medium-induced gluon radiation and the strength of the J/ψ suppression in p-A collisions are controlled by the transport coefficientq in the target nucleus. Based on the above parton energy loss model expressed in section 2, we extract the transport coefficientq g for the gluon energy loss from the E866 experimental data [6, 7] by means of the SW quenching weights for gluons [17] . It is worth noting that according to Ref. [27] the cc remains colored on its entire path for the E866 energy ( √ s = 38.7 GeV ) in the range 0.20 ≤ x F ≤ 0.65. The extracted results of the transport coefficientq g are summarized in Table I , by using the CERN subroutine MINUIT [28] and the recent EPPS16 nuclear parton distributions [29] together with nCTEQ15 parton density in the proton bound in a nucleus [30] . In this calculation, we employ the values of the path L obtained from the Glauber model calculation using realistic nuclear densities [31] ,= 0.32 ± 0.04 GeV 2 /f m extracted from the nuclear Drell-Yan experimental data by means of the SW quenching weights for light quarks [15] andq cc = 0.29±0.07 GeV 2 /f m obtained by the SW quenching weights for heavy quarks [32] .
From Table I , it is shown that the theoretical results are in good agreement with the E866 experimental data in 0.20 < x F < 0.65 range (χ 2 /ndf = 1.10). The experimental data including the small and large x F region deviate from the calculated results (χ 2 /ndf = 23.19), which illustrates that the role of other nuclear effects (such as gluon saturation at small x F region and nuclear absorption at big x F region) on the modification of the charmonium production cross section can not be ignored in the small or big x F range.
Consequently, we determine the transport coefficientq g (q g = 0.31 ± 0.02
for the gluon energy loss from the data in the middle region 0.20 < x F < 0.65. It is found that the difference between these values of the transport coefficient for light quark, gluon and heavy quark in the cold nuclear matter is very small. This conclusion is contradict with the well known statement that the transport coefficientq g is larger than that of quark due to the ratio of the Casimir factors C A /C F = 9/4 in leading logarithmic approximation. It is worth emphasizing that the obtained energy loss of an incoming quark from Drell-Yan experimental data depends strongly on the nuclear parton distribution functions (see Ref.
[33] for more detail discussion). The recent EPPS16 The J/ψ production cross section ratios R W (F e)/Be (x F ) for 0.20 < x F < 0.65 . The solid lines denote the results modified only by EPPS16 nuclear parton distributions, the dashed curves represent the calculations including the incident quark energy loss in the initial state and the cc energy loss in the final state, and the results together with the incident gluon energy loss correction are shown as the dotted lines. The experimental points are taken from the E866 data for J/ψ production in p-A collisions [6, 7] .
nuclear parton distributions provide the uncertainty estimates are more objective flavor by flavor [29] . The errors ofq g from the uncertainty of nuclear PDFs EPPS16 are analyzed.
The extracted value ofq g to the specific error sets S − 1 (S + 1 )for EPPS16 isq g = 0.30 ± 0.02
In addition, the nuclear modification for gluon distribution function is apparently different between the different sets, as discussed in Ref. [34] . The uncertainty of the gluon distribution function may be the main source of the uncertainty associated with the result of the transport coefficientq g .In order to further check the initial state PDFs dependence in determining the jet transport coefficient, we simply eliminate the nuclear dependence of PDFs, and by using nCTEQ15 parton density the transport coefficientq g = 0.35 ±0.03 GeV 2 /f m extracted from the E866 experimental data for the range 0.20 < x F < 0.65. indicates that the E866 data for J/ψ production in the range 0.20 < x F < 0.65 would provide a good way to discriminatingly identify the gluon energy loss. In Fig.2 , the calculated results are also compared with the E866 data for 0.30 < x F < 0.95. The strength of the J/ψ suppression induced by the cc energy loss effect are shown as the dashed lines in Fig.2 , which indicates that the nuclear modification due to the cc energy loss are more significant at larger targets for larger x F region. As can be also seen in Fig.2 , the predictions of the dotted lines (including the correction induced by the quark, gluon and cc energy loss) are consistent with the experimental data for 0.30 < x F < 0.95. The J/ψ production cross section ratios R Au/d (y). The experimental points are taken from RHIC experimental data [12] . The other comments are the same as those in Fig. 1 .
From the solid lines in Fig.1 and Fig.2 , we can see that the nuclear suppression from the nuclear modification of EPPS16 nuclear parton distributions becomes larger as the increase of x F in the range 0.20 < x F < 0.95. The nucleon parton momentum fractions x 2 is 1.84×10 −2 to 4.22×10 −3 accordance to the x F range from 0.20 to 0.95. In this x 2 range, the shadowing effect plays the main role. The suppression induced by the shadowing effect of the nuclear parton distributions is larger with the decrease of x 2 . The tendency of the dashed and dotted lines in Fig.1 and Fig.2 indicates that the suppression due to the cc and incoming gluon energy loss also becomes larger as the increase of x F in the range 0.20 < x F < 0.95. In Fig.4 , we show separately the J/ψ production cross section ratios R P b/p (y), modified only by EPPS16 nuclear parton distributions(solid lines), only by cc energy loss effect (dashed lines), only by the incident gluon energy loss (dotted lines), and only by the incident quark energy loss (dash dot lines). From Fig.4 , we can see that the sole nuclear effects of the parton distributions might be responsible for the J/ψ observed suppression, and the nuclear modification due to the parton energy loss is minimal. This indicates that the corrections of the nuclear parton distribution functions in J/ψ production are significant for the high center-of-mass energy of the collision at the LHC. In addition, we can see that the tendency of the nuclear modification of EPPS16 distributions decreases steeper with the increase of y in the region −2.0 < y < −3.0 and gradually in −3.0 < y < 3.5. For LHC energy, in the range −2.0 < y < 3.5 (0.04 > x 2 > 1.49 × 10 −5 and 5.47 × 10 −6 < x 2 < 1.63 × 10 −2 ), shadowing effect plays the main role.
Summary
By the Salgado-Wiedemann (SW) quenching weights and the recent EPPS16 nuclear parton distribution functions together with nCTEQ15, we investigate respectively the [25] ) in the cold nuclear matter is very small. The good agreement between our model with the E866 and RHIC experimental data strongly supports that the parton energy loss is a dominant effect in p-A quarkonium nuclear suppression when J/ψ formation occurring outside the nuclear target. It is also found that the gluon energy loss in the initial state plays a remarkable role on J/ψ suppression in a broad variable range at E866 and RHIC energy. However, the comparison between the J/ψ suppression data at LHC energy and our theoretical predictions indicate that the effects of the nuclear parton distribution functions are significant for the high center-of-mass energy of the collision at the LHC. In the future work, it will be interesting to check whether the L-dependence of the energy loss predicted in our present model is consistent with the centrality dependence of the LHC data. It is worth noting that we use CEM at leading order to compute the p-p baseline, and the conclusion in this paper is CEM model dependent. We hope this study about the parton energy loss effect on J/ψ production from p-A collisions can give insight on the evaluation of J/ψ suppression in A-A collisions.
